INTRODUCTION
The potential of a population to respond to selection depends on heritable variation. In quantitative genetics theory, it is equal to the additive genetic variance of traits (Falconer and Mackay, 1996) . In social species, variation in traits may also depend on social interactions between conspecifics (Moore et al., 1997) . The effects of an individual's genes on phenotypes of group mates are known as social genetic effects, indirect genetic effects, or heritable social effects (Moore et al., 1997; Bijma et al., 2007b) . If their contribution to the additive genetic variance is ignored, the heritable variation and the response to selection may be incorrectly estimated. 
ABSTRACT:
The aims of this study were to estimate covariance components for BW at 270 d (BW270) and carcass and ham quality traits in heavy pigs using models accounting for social effects and to compare the ability of such models to fit the data relative to models ignoring social interactions. Phenotypic records were from 9,871 pigs sired by 293 purebred boars mated to 456 crossbred sows. Piglets were born and reared at the same farm and randomly assigned at 60 d of age to groups (6.1 pigs per group on average) housed in finishing pens, each having an area of 6 m 2 . The average additive genetic relationship among group mates was 0.11. Pigs were slaughtered at 277 ± 3 d of age and 169.7 ± 13.9 kg BW in groups of nearly 70 animals each. Four univariate animal models were compared: a basic model (M1) including only direct additive genetic effects, a model (M2) with nonheritable social group (pen) effects in addition to effects in M1, a model (M3) accounting for litter effects in addition to M2, and a model (M4) accounting for social genetic effects in addition to effects in M3. Restricted maximum likelihood estimates of covariance components were obtained for BW270; carcass backfat depth; carcass lean meat content (CLM); iodine number (IOD); and linoleic acid content (LIA) of raw ham subcutaneous fat; subcutaneous fat depth in the proximity of semimembranosus muscle (SFD1) and quadriceps femoris muscle (SFD2); and linear scores for ham round shape (RS), subcutaneous fat (SF), and marbling. Likelihood ratio tests indicated that, for all traits, M2 fit the data better than M1 and that M3 was superior to M2 except for SFD1 and SFD2. Model M4 was significantly better than M3 for BW270 (P < 0.001) and CLM, IOD, RS, and SF (P < 0.05). The contribution of social genetic effects to the total heritable variance was large for CLM and BW270, ranging from 33.2 to 35%, whereas the one for ham quality traits ranged from 6.8 (RS) to 11.2% (SF). Direct and social genetic effects on BW270 were uncorrelated, whereas there was a negative genetic covariance between direct and social effects on CLM, IOD, RS, and SF, which reduced the total heritable variance. This variance, measured relative to phenotypic variance, ranged from 21 (CLM) to 54% (BW270). Results indicate that social genetic effects affect variation in traits relevant for heavy pigs used in dry-cured hams manufacturing. Such effects should be exploited and taken into account in design of breeding programs for heavy pigs.
Effects of social genetic components were studied in a wide range of animal species as pigs (Bergsma et al., 2008) , poultry (Muir, 2005; Ellen et al., 2008) , deer (Wilson et al., 2011) , and mink (Alemu et al., 2014) . In pigs, the role of social genetic effects was evaluated focusing on variation in ADG (Arango et al., 2005; Chen et al., 2008; Bouwman et al., 2010) , feed intake, backfat and muscle depth (Bergsma et al., 2008; Hsu et al., 2010) , and androstenone content in fat (Duijvesteijn et al., 2012) . Most of these investigations were on pigs of light BW and fed ad libitum. No study investigated social genetic effects in heavy pigs, which are fed in restricted conditions, slaughtered at 160 kg BW, and used for production of protected designation of origin (PDO) dry-cured hams (Bosi and Russo, 2004) . The production of heavy pigs involves different conditions relative to light pigs. Such differences might affect social interactions among pigs raised in groups and the magnitude of social effects.
The aims of this study were to estimate covariance components for BW at 270 d (BW270) and carcass and ham quality traits in heavy pigs using models accounting for social effects and to compare the ability of such models to fit the data relative to models ignoring social interactions.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not needed because animals providing data for the study were subjected to standard production conditions and no additional measurements were taken. Observations used in this study were from the sib-testing program of the C21 Goland sire line (Gorzagri, Fonzaso, Italy) and were registered at the farm where the program is performed from 1998 to 2013. The farm operates in line with regulations of the Italian law on protection of animals.
Animals and Data Records
Observations on growth performance and carcass and ham quality traits used in this study were from 9,871 crossbred finishing pigs produced in the sib-testing program of the C21 Goland sire line (Gorzagri, Fonzaso, Italy). Pigs (4,759 gilts and 5,112 barrows) were offspring of 293 boars of the C21 line mated to 456 crossbred Goland sows. Crossbred sows originated from a cross involving boars of a synthetic line, derived from Large White and Pietrain breeds, and sows of a Large White line selected for maternal ability and prolificacy. Besides growth and residual feed efficiency, the breeding goal of the C21 line includes traits related to the quality of dry-cured ham as detailed by Cecchinato et al. (2008) .
Crossbred piglets were born and reared at the same farm. Piglets were tail docked and male piglets were castrated within 5 d after birth. At 28 d of age, piglets were weaned and randomly assigned to groups of approximately 30 individuals. At 60 d of age, pigs were housed in finishing pens, each having an area of 6 m 2 , and formed social groups containing from 4 to 7 individuals. Each pen was equipped with a nipple drinker continuously providing pigs with water. Average size of social groups was 6.12 ± 0.82 and the average additive genetic relationship among social group members was 0.11 ± 0.02.
Finishing pigs were reared under consistent feeding conditions. Up to 75 kg BW, pigs were fed 2 diets ad libitum: diet A (17.6% CP and 13.2 MJ of ME/kg) was provided from 25 to 40 kg BW, whereas diet B (16.2% CP and 12.9 MJ of ME/kg) was fed up to 75 kg BW. From 75 kg BW onward, restricted feeding was used. From 75 to 110 kg BW, pigs were fed a diet containing 15.5% CP and 12.5 MJ of ME/kg whereas CP content was reduced to 14% from 110 kg BW onward (Bonfatti et al., 2011) . Major ingredients used to prepare the finishing diet were maize (450 g/kg as fed), barley (312 g/ kg as fed), wheat bran (98 g/kg as fed), sunflower meal (59 g/kg as fed), and durum wheat flour shorts (52 g/kg as fed). Lipid content was 33.9 g/kg as fed and linoleic acid content (LIA) was 14.7 g/kg as fed.
Pigs were slaughtered at 277 ± 3 d of age and 169.7 ± 13.9 kg BW in groups of about 70 animals each. All members of a social group were slaughtered in the same slaughter day. Final BW was adjusted to 270 d (BW270; kg) on the basis of individual linear regressions of BW on age estimated using 6 BW measures (at 60, 90, 135, 180, 245 d of age and the day before slaughter). The Fat-O-Meater optical probe (Carometec, Soeborg, Denmark) was used to assess carcass backfat depth (BFT; mm) and loin depth. These measures were taken through a section of LM between the 10th and 11th rib, with the inlet 8 cm from the midline and exit 4 cm from the midline split. Carcass lean meat content (CLM; %) was estimated on the basis of the regression y = 45.371954 -0.221432x 1 + 0.055939x 2 + 2.554674x 3 , in which x 1 is the Fat-O-Meater measure of backfat depth (including skin; mm), x 2 is the Fat-O-Meater measure of loin depth (mm), and x 3 = x 2 / x1 . Subcutaneous fat LIA (%) and iodine number (IOD) of raw ham were estimated through calibration equations based on reflectance of trimmed fat measured with near-infrared spectroscopy in individual samples taken from the left thigh. Such calibration equations, developed through the years, provide very accurate estimates of LIA and IOD due to R 2 in cross-validation greater than 95%. Ham subcutaneous fat depth was measured in the proximity of semi-membranosus muscle (SFD1; mm) and quadriceps femoris muscle (SFD2; mm) using a gauge and a portable ultrasound system (Aloka SSD 500 equipped with the UST-5512 7.5 MHz linear transducer probe; (Hitachi Aloka Medical, ltd., Wallingford, CT), respectively. One trained expert performed subjective evaluation of left thighs. All hams were scored, using a linear grading system, for round shape (RS; from 0 = low roundness to 4 = high roundness), subcutaneous fat (SF; from -4 = low depth to 4 = high depth), and marbling (MB) of the visible muscles of the thigh (from 0 = low to 4 = high).
Pedigree information was available for all slaughtered pigs and for all C21 Goland boars, whereas only the sire, the maternal grandsire, and the granddam were known for the dams of the crossbred finishing pigs. Additive relationships between C21 Goland boars were traced back for as many generations as possible. For slaughter animals, additive relationships were computed on the basis of at least 6 generations of known ancestors. Sire and dam of each slaughter pig were unrelated.
Statistical Analysis
Covariance components were estimated using average information REML procedures (Gilmour et al., 1995) based on the following univariate linear mixed models: in which y is a vector of observed phenotypes for 1 trait; b is a vector of nongenetic fixed effects, which included sex (female and castrated male) and slaughter group effects; g is a random vector of social group (animals grouped together in the same pen) effects; a D is a random vector of direct additive genetic effects; f is a random vector of full-sib family (i.e., individuals born in the same "biological" litter) effects; a S is a random vector of heritable social effects; e is a vector of random residuals; and X, Z, WD, WS, and V are incidence matrices relating b, g, a D , a S , and f to y, respectively. Please see the models at the beginning of this paraghraph.
Assumptions on the probability distributions of social group effects, full-sib family effects, and re-
, and e ~ N(0, Iσ 2 e ), in which N( ) indicates a normal distribution; I is an identity matrix of appropriate order; and σ 2 g , σ 2 f , and σ 2 e are variance components. In models M1, M2, and M3, direct additive genetic effects were assumed to be generated from the following probability distribution: a D ~ N(0, Aσ 2 aD ), in which A is the numerator relationship matrix and σ 2 aD is the variance of direct additive genetic effects. In model M4, the assumption about the probability distribution of a D was updated to take into account the covariance with a S . The vectors a D and a S were assumed to have a multivariate normal (MVN) probability distribution:
s a is the variance of heri- Litter effects are routinely included in the genetic analyses of pig data, to account for nongenetic covariances between full sibs due to the shared maternal environment. In this study, due to the characteristics of the investigated traits, such covariances are expected to be trivial. The purpose of including full-sib family (i.e., the "biological" litter) effects was to account for covariances between full sibs due to shared nonadditive genetic effects. Estimates of covariance components were obtained through the ASReml software (Gilmour et al., 2009) . The ability of the investigated models to fit the data was compared through log-likelihood ratio tests (LRT), which used as a test statistic LRT = -2(LogL reduced model -LogL full model ), in which LogL is the log-likelihood.
Based on Bijma et al. (2007b) and Bergsma et al. (2008) , the phenotypic variance (σ 2 p) was computed as , in which n is the average size of social groups and r is the average additive relationship among group mates.
For traits affected by heritable social effects, the total heritable variation exploitable in selection is the variance of total breeding values (TBV; Bijma et al., 2007b) . The TBV is defined as
and is the heritable effect of an individual on the phenotypic mean of a trait, which depends on the direct effect
a of the individual on its phenotype and on the social effect S i a exerted on the phenotype of n -1 group mates. When a nonnull covariance between direct and social genetic effects exists, the variance of TBV is
The ratio of σ 2 T to σ 2 p is called T 2 (Bergsma et al., 2008) and can be compared with the classical h 2 ( 2 2 2 a p s s ) to evaluate the contribution of heritable social effects to the phenotypic variance. To evaluate the contribution of full-sib family (f 2 ) and social group (g 2 ) effects (i.e., nonheritable social effects) to the phenotypic variance, we computed f 2 = σ 2 f /σ 2 p and g 2 = σ 2 g /σ 2 p.
RESULTS AND DISCUSSION
Number of pigs, full-sib families, social groups, slaughter groups, and descriptive statistics for the investigated traits are presented in Table 1 . Number of records, groups, and families was variable across traits because recording of individual phenotypes started at different times for different traits. The number of phenotypic records and social groups ranged from 4,191 to 9,871 and from 703 to 1,645, respectively. These numbers are much larger than minimum numbers suggested by Bijma (2010) to estimate heritable social effects when an optimum design is used.
Age and BW at slaughter were within common ranges for finishing pigs available in Italy for drycured ham production (Lo Fiego et al., 2000) . Heavy BW at slaughter is primarily related to the need for raw hams weighing at least 10 kg, to comply with requirements dictated by guidelines for PDO dry-cured ham production. Final age of finishing pigs is constrained to a minimum of 9 mo to ensure optimal body tissue composition. Additional requirements (Bosi and Russo, 2004) relate to ham fat thickness (15 mm as minimum) and thigh subcutaneous fat quality assessed as IOD (70 as maximum) and LIA on total fatty acids (15% as maximum).
Likelihood-Ratio Tests
The ability of the investigated models to fit the data was compared through likelihood-ratio tests using M1 (i.e., a model including fixed effects and the direct additive genetic effect of the animal) as the basic model. Results are presented in Table 2 . Accounting for nonheritable social effects (social group effects) significantly increased (M2 vs. M1; P < 0.018 for SFD2 and P < 0.001 for the remaining traits) the ability of the statistical model to fit the data for all traits. In models investigating phenotypic variation among interacting individuals, social group effects are a computationally efficient alternative to fitting a residual covariance between group members (Bergsma et al., 2008; Chen et al., 2008) , which is needed to avoid biased estimates of the genetic parameters (Bijma et al., 2007a; Chen et al., 2009) .
In addition to social group and direct additive genetic effects, M3 accounted for the random effects of the full-sib family (i.e., the "biological" litter). Litter effects are routinely included in the genetic analyses of pig data. The use of the "biological" or, alternatively, of the "nursed" litter in the model, to account for nongenetic covariances among full sibs, depends on the rate of cross-fostering and on the availability of detailed information on nursing. In this study, covariances among full sibs due to the shared maternal environment are expected to be trivial because trait values were measured very far from weaning. However, full sibs may share additional effects, other than those arising from the maternal environment or the additive gene action. Full sibs share not only alleles but also genotypes and, as a consequence, nonadditive genetic effects. These effects create a covariance among members of a full-sib family and may lead to biased estimates of genetic variances and related parameters if not properly accounted for by statistical models. Hence, full-sib family effects were included in M3 to account for such covariances. Model M3 exhibited enhanced performance, when compared with M2, in describing variation in phenotypes for most traits (M3 vs. M2; P < 0.05) with the exceptions of only SFD2 (P = 0.136) and SFD1 for which full-sib family effects were borderline significant (P = 0.067). Addition of social genetic effects to M3 (M4) enhanced model fitting for BW270 (P < 0.01) and CLM, IOD, RS, and SF (P < 0.05). Accounting for social genetic effects has been reported to enhance model performance in a number of recent studies on different species and traits (Bergsma et al., 2008; Chen et al., 2008; Ellen et al., 2008; Duijvesteijn et al., 2012; Alemu et al., 2014) . In pigs, relevant social genetic effects have been detected for growth-related traits and feed consumption. The significant improvement of model performance detected in this study for CLM, IOD, RS, and SF indicates that social interactions among heavy pigs affect also variation in carcass and ham quality traits.
Estimates of Covariance Components
Estimates of covariance components obtained with the 4 investigated models are presented in Table 3 for BW270 and carcass traits and in Table 4 for ham quality traits. Addition of social group (pen) effects to M1 decreased the estimated residual variance but exerted minor effects on the estimate of the direct genetic variance, which, with M2, slightly decreased (BW270) or increased (BFT, CLM, and all ham quality traits). The decrease in the residual variance ranged from 2.8 (SFD2) to 8.6% (CLM). Hence, social group effects accounted, as expected, for nonheritable social variance and were essentially not confounded with direct additive genetic effects. Bergsma et al. (2008) detected a decrease in the estimated genetic, litter, and residual variances when pen effects were included in models analyzing variation in growth rate and feed 1 All models included the fixed effect of sex and slaughter groups. Random effects were the direct additive genetic effect of the pig for a basic model (M1); the direct additive genetic effect of the pig and the social group effect for M2; the direct additive genetic effect of the pig and the social group and the full-sib family effects for M3; and the direct additive genetic effect of the pig, the social group and the full-sib family effects, and the heritable social effects of the group mates for M4. In M4, direct and social genetic effects were assumed to be correlated.
2 -2 log likelihood = χ 2 test statistic for the likelihood-ratio test = -2(LogL reduced model -LogL full model ), in which LogL is the log-likelihood; df is the degrees of freedom for the χ 2 test statistic.
3 BW270 = body weight at 270 d (kg); BFT = carcass backfat depth (mm); CLM = carcass lean meat content (%); IOD = iodine number; LIA = linoleic acid content (%); SFD1 = subcutaneous fat depth in the proximity of semimembranosus muscle (mm); SFD2 = subcutaneous fat depth in the proximity of quadriceps femoris muscle (mm); RS = round shape (linear score; from 0 = low to 4 = high); SF = subcutaneous fat (linear score; from -4 = low to 4 = high); MB = marbling (linear score; from 0 = low to 4 = high). intake in pigs. They suggested that omitting pen effects from the models might inflate the estimated genetic variance due to the relatedness among pen mates. In our study, the average additive genetic relationship among group members was 40% lower than the average relatedness reported by Bergsma et al. (2008) and might explain differences between the 2 studies in the behavior of models including pen effects.
When full-sib family (litter) effects were accounted for by the model (M3), no substantial change was observed, relative to estimates obtained with M2, in the nonheritable social and residual variance. However, direct additive genetic variances ( D 2 s a ) significantly decreased. Such decrease was smaller, ranging from 4.5 to 9%, for ham quality traits (Table 4) than was for BW270 and carcass traits (Table 3) . Relative to M2, the decrease in D 2 s a estimated with M3 was 15.2, 13.1, and 15.5% for BW270, BFT, and CLM, respectively. Because pigs were randomly allocated to pens, the probability of forming groups constituted by individuals from the same litter and the confounding of litter and social group effects were minimized. This enabled separation of nonheritable social and litter variances in the estimation process. Arango et al. (2005) reported that the direct additive genetic variance for daily gain in Large White gilts, when estimated accounting for nonheritable social effects in the model but ignoring litter effects, was of magnitude similar to the sum of litter plus additive variance when both these sources of variation were taken into account in the analysis. As previously argued, ignoring contributions of full-sib family effects to the overall variance might inflate the estimated direct genetic variances as a consequence of the covariance that nonadditive genetic effects create among family members and might result in biased estimates of genetic parameters.
Model M4 included heritable social effects. Accounting for heritable social effects had trivial 1 BW270 = body weight at 270 d (kg); BFT = carcass backfat depth (mm); CLM = carcass lean meat content (%).
2 All models included the fixed effect of sex and slaughter groups. Random effects were the direct additive genetic effect of the pig for a basic model (M1); the direct additive genetic effect of the pig and the social group effect for M2; the direct additive genetic effect of the pig and the social group and the full-sib family effects for M3; and the direct additive genetic effect of the pig, the social group and the full-sib family effects, and the heritable social effects of the group mates for M4. In M4, direct and social genetic effects were assumed to be correlated.
3 σ 2 e = residual variance; σ 2 g = social group variance; 1 IOD = iodine number; LIA = linoleic acid content (%); SFD1 = subcutaneous fat depth in the proximity of semimembranosus muscle (mm); SFD2 = subcutaneous fat depth in the proximity of quadriceps femoris muscle (mm); RS = round shape (linear score; from 0 = low to 4 = high); SF = subcutaneous fat (linear score; from -4 = low to 4 = high); MB = marbling (linear score; from 0 = low to 4 = high).
3 σ 2 e = residual variance; σ 2 g = social group variance; effects on the magnitude of the variances estimated for direct genetic, full-sib family, and residual effects. However, in comparison with M3, the estimated variance for social group effects exhibited a large decrease (-60.5%) for BW270 and a substantial increase for CLM (+35.9%), IOD (+35.6%), RS (+64.3%), and SF (+33.7%). To date, no study has reported an increase in the estimated social group variance when heritable social effects were included in the models. Conversely, a decrease in this variance, which might suggest a degree of confounding between social group effect and associative component (Cantet and Cappa, 2008) , was observed with models used to analyze variation in growth rate and feed intake (Bergsma et al., 2008) , daily gain in gilts (Arango et al., 2005) , and concentration of androstenone in boars (Duijvesteijn et al., 2012 s a but markedly contributed to the total heritable variance (σ 2 T ) in BW270 and CLM (Table 3 ). The contribution, as measured by the ra-
, in which n is the average group size (6.1 in this study), ranged from 33.2 (CLM) to 35% (BW270). For ham quality traits (Table 4) , contributions of S 2 s a to σ 2 T were smaller and ranged from 6.8 (RS) to 11.2% (SF). The correlation between direct and social additive genetic effects (data not reported in tables) was not significantly different from 0 (P > 0.05) for BW270, suggesting independence between direct and social breeding values. The same correlation was negative and significantly different from 0 (P < 0.05) for CLM (r = -0.72), IOD (r = -0.58), RS (r = -0.93), and SF (r = -0.64) indicating that, for these traits, pigs with positive direct breeding value negatively affect, through social genetic effects, the phenotype of their group mates. Moreover, the negative covariance between direct and social genetic effects reduces the total heritable variance exploitable in selective breeding. For CLM, IOD, RS, and SF, σ 2 T was 56.7, 75.5, 65.1, and 70.8% of D 2 a s , respectively. Ignoring heritable social effects acting on CLM and ham quality traits leads to an overestimation of the variance exploitable in selection and, as a consequence, of the response achievable in breeding programs. In Italy, CLM, SF, and IOD are important traits for heavy pigs (Bosi and Russo, 2004) . Current guidelines for PDO dry-cured ham production dictate that thighs obtained from carcasses with CLM > 55% exhibiting insufficient subcutaneous fat depth or IOD > 70 cannot be used in manufacture of PDO dry-cured hams. Currently, genetic evaluation of breeding candidates in sire lines used to produce heavy pigs is performed for all these traits with models neglecting heritable social effects and an overestimation of the actual response to selection might occur.
Estimates of Genetic Parameters
Estimates of genetic parameters are presented in Table 5 for BW270 and carcass traits and in Table  6 for ham quality traits. The proportion of phenotypic variation attributable to nonheritable g 2 and f 2 was small, irrespective of the model used, ranging from 2 to 6.7% and from 1.5 to 4.7%, respectively. The estimated direct heritabilities (h 2 d ) were of intermediate magnitude for all models and traits, ranging from 0.231 ± 0.031 for BFT (M3) to 0.449 ± 0.038 for SFD2 (M1). When full-sib family effects were neglected in the analysis (M1 and M2), h 2 d were larger than those obtained with M3 and M4, as a consequence of inflated estimates of variance due to direct genetic effects. Such difference in the estimated h 2 d across models excluding or including full-sib family effects was greater for BW270 than for the other traits. Accounting for heritable social effects (M4) had minor effects on the estimated h 2 d , which were similar to those obtained with M3. Social heritabilities (h 2 s ) were very low for all traits. However, the contribution of the social genetic variance to the total phenotypic variance, as measured by the ratio ( ) , was small (ranging from 1.7 and 3.3%) for ham quality traits (Table 6 ) but was 19 and 7% for BW270 and CLM, respectively (Table 5) . In the literature, estimates of social genetic variance have been reported for different species and traits and for variable size of social groups and relatedness among group mates (Bijma, 2014) . The proportion of total phenotypic variability attributable to social genetic effects has been described to be substantial for traits such as social dominance (Moore et al., 2002; Wilson et al., 2011; Sartori and Mantovani, 2013) or aggressiveness (Lovendhal et al., 2005; Wilson et al., 2009; Alemu et al., 2014) , which require a social environment to be expressed. Heritable social effects have been reported to play a relevant role also in survival of laying hens (Gallus domesticus) due to group mates' cannibalism and aggressions whose expression is markedly affected by the social environment (Bijma et al., 2007a; Ellen et al., 2008) . Body weight and carcass and ham quality traits are pig attributes not directly related to the social environment and a small estimated variance for social genetic effects on these traits, relative to characteristics tightly associated to the social environment, was partly expected (Moore et al., 1997) . In this study, the model including heritable social effects performed better than M3 (Table 2) for BW270, CLM, IOD, RS, and SF but not for BFT, LIA, SFD1, SFD2, and MB. For BFT, M4 yielded a very small (1.7%) estimated contribution of the social genetic variance to the total phenotypic variance (Table 5) . Consistent with findings of our study, Bergsma et al. (2008) and Hsu et al. (2010) did not observe any enhancement of model fitting when genetic effects attributable to social interactions were included in the model analyzing ultrasonic BFT in light pigs. The contribution of the total heritable variance to σ 2 p (T 2 ) estimated in this study for BW270 was 0.54 (Table 5) , which is 1.57 times h 2 d (h 2 d = 0.343 with M4). This indicates that heritable social effects considerably contribute to the variation in BW270 exploitable in selection. An initial estimate of T 2 for daily BW gain in light pigs was reported by Bergsma et al. (2008) to be 0.71. In a subsequent study, however, Bergsma et al. (2013) estimated a substantially lower T 2 , which is 37% lower (0.34 vs. 0.54) than that estimated in our study for BW270, suggesting a greater influence of heritable social effects on growth traits in heavy pigs when compared to light pigs. To our knowledge, this is the first study investigating the role of social effects in heavy pigs' traits variation. The production of heavy pigs involves a number of different conditions in comparison with light pigs. Such differences may lead to differences in interactions among group mates and, as suggested by Chen et al. (2008) , in the magnitude of social effects. Feed restriction is imposed on heavy pigs to attain maximum protein growth conditional on optimal fat deposition in the carcass and fat covering in the thighs (Bosi and Russo, 2004) . For the animals involved in this study, feed restriction started when they reached 75 kg BW (Bonfatti et al., 2011) . It can be argued that restricted feeding might emphasize, relative to ad libitum feeding, competition among pen mates even when optimal access to feed is guaranteed to all members of the group. Differences in age and weight at slaughter between light and heavy pigs imply differences in space allowance requirements. Therefore, an increased level of competition, which may possibly lead to increased expression of aggressiveness, is expected when heavy pigs are housed under situations of high density (Martelli et al., 2003; Morrison et al., 2003) . Alternatively, under fixed housing facilities, an optimum in space allowance may be pursued through a decrease in the average size of groups. Size of social group has been described as an important characteristic, able to affect the magnitude of associative effects (Bijma et al., 2007b) . In our study, the average size of groups was small relative to that of other studies (Arango et al., 2005; Chen et al., 2008; Hsu et al., 2010) , which implies that the time used to interact with each group mate was greater than that for pigs involved in other studies.
In contrast with BW270, the estimated T 2 for the other traits was lower than h 2 d , due to the negative covariance between direct and social genetic effects. Relative to the estimated h 2 d , T 2 exhibited a decrease ranging from 24.6 (IOD ; Table 6 ) to 43.3% (CLM ;  Table 5 ). These results indicate competition between direct and social genetic effects. Because the response to selection is proportional to the square root of the genetic variance (Falconer and Mackay, 1996) , here represented by σ 2 T , for the traits investigated in this study and with the only exception of BW270, the potential response is smaller than the expected on the basis of the estimated h 2 d . In this study, estimation of variance components with a social model was feasible for the investigated traits. The results indicate that nonheritable and heritable social effects affect variation in a number of traits that are important in farming of heavy pigs. Such effects should not be neglected in the genetic evaluation program of breeding candidates of the investigated boar line even when social effects are not included in the breeding goal. Selective breeding focusing on both direct and social genetic effects, however, guarantees increased response from selection relative to breeding based only on direct genetic effects. Most studies on social genetic effects in pigs used phenotypic information collected in testing programs of breeding companies. Hsu et al. (2010) argued that conditions in testing programs of pig lines are not consistent with conditions of commercial farms. This raised the question of whether 2 All models included the fixed effect of sex and slaughter groups. Random effects were the direct additive genetic effect of the pig for a basic model (M1); the direct additive genetic effect of the pig and the social group effect for M2; the direct additive genetic effect of the pig and the social group and the full-sib family effects for M3; and the direct additive genetic effect of the pig, the social group and the full-sib family effects, and the heritable social effects of the group mates for M4. In M4, direct and social genetic effects were assumed to be correlated.
3 h 2 D = direct heritability; g 2 = social group effects = σ 2 g /σ 2 p , in which σ 2 g is the social group variance and σ2 p is the phenotypic variance; testing programs of purebred candidates will effectively improve social effects as expressed on commercial farms. In our study, social models were used to analyze records of pigs raised in a testing farm mimicking management and feeding conditions of a commercial farm. Phenotypes were not collected from the breeding candidates but from their paternal crossbred half sibs. The genetic background of these animals is the same as the one of finishing pigs bred from boars of the C21 line in commercial farms. As a consequence, for our study, some conditions were comparable to those occurring in commercial farms. In spite of such similarities, possible differences in the size of social groups and average relatedness among group mates cannot be easily overcome and make prompt extrapolation of results to commercial systems unfeasible. Table 6 . Estimates of contributions (±SE) of different effects in the models to the phenotypic variance of ham quality traits 1,2
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